True body sculpting demands a three-dimensional artistic understanding of the anatomic and surgical adipose layers of the central trunk when performing circumferential liposuction. This is essential in preventing complications from both ultrasound-assisted and suction-assisted lipoplasty. The authors describe five zones of adherence that should be avoided to prevent contour deformities in the central trunk area when performing circumferential liposuction. The anatomy of the subcutaneous tissue of these five anatomic zones is reviewed and correlated radiographically with magnetic resonance imaging studies. Aesthetic and technical considerations required to properly liposculpt the central trunk are demonstrated by case analysis of primary and secondary liposuction patients. These cases also delineate how to prevent and/or minimize deformities after liposuction. (Plast. Reconstr. Surg. 107: 1562, 2001 
T
he subcutaneous adipose tissue of the body has recently received greater attention due to the increased popularity of suction-assisted body contouring. This increased popularity has paralleled the rise in the prevalence of increasing weight within the population. The largest increases in the use of liposuction occurred in the 18-to 29-year-old age group and in people with higher educations. 1 Modern liposuction mandates a circumferential approach to obtain an improved body silhouette, especially in the central trunk area.
During weight gain, the amount of fat in the subcutaneous tissues throughout the body increases proportionately. In other words, weight gain does not occur in selective areas. 2 However, the converse of this is not true. The obese patient, after reaching his or her ideal body weight, still maintains a disproportionate amount of subcutaneous fat in the waist and an elevated waist-to-hip ratio when compared with control patients who were never obese. 3 This is because weight loss occurs preferentially from the visceral fat stores as opposed to the subcutaneous stores. This is true regardless of whether the weight loss occurs with diet alone or with diet and exercise. 4 The visceral adipose tissue represents 18 percent of total body fat. The largest amount of this visceral fat occurs at the level of the umbilicus, and the greatest amount of subcutaneous fat occurs in the region of the buttocks. 5 The development of liposuction in the early 1980s allowed this unequal fat distribution in adipose tissues to be addressed surgically through minimal incisions. 6 Liposuction requires a threedimensional understanding of fat deposits, because optimal results are achieved currently using circumferential liposuction with combined suction-assisted and ultrasound-assisted techniques. Knowing which areas to avoid is basic to minimizing complications such as contour irregularities.
An understanding of the aesthetically pleasing human form is fundamental. The aesthetically pleasing female silhouette is recognized as a concavity below the rib cage that changes to a convexity over the hips and thighs. Both the anterior and posterior portion of the thighs should have a shallow convex arc. In addition, the female buttock crease should extend in a curvilinear fashion (rounded) to blend with the lateral thigh (Fig. 1 ). The female abdomen should be concave in the epigastrium, with a smooth transition to a convex lower abdomen.
In contrast, men have a more linear silhouette, with only relative concavities in the pelvic region and convexity in the buttocks area (square). The flanks should taper from the lower ribs to the iliac crest, and the buttock crease is more angular and square (Fig. 2) . 7 Furthermore, the anterior infraumbilical region should be flat rather than convex.
ANATOMY
Gray's Anatomy describes the subcutaneous adipose tissue of the abdomen as being separated into two distinct fascial planes. 8 Markman and Barton 9 examined the ultrastructure of these layers and characterized them as a superficial layer composed of dense fat lobules among numerous fibrous septa and a deeper adipose layer of amorphous, irregular fatty pockets. In the thigh, a superficial fascia analogous to Scarpa's fascia in the abdomen separates these two layers from one another. 10 The abdominal wall fat is well compartmentalized by Scarpa's fascia into superficial and deep layers. The superficial layer is further subdivided into two layers separated by Camper's fascia. The loosely packed deeper layer contains a larger proportion of the subcutaneous fat in the abdominal, gluteal, and thigh regions and is responsible for the unaesthetic bulges associated with weight gain. 9 The superficial fascial system, in addition to surrounding the superficial fat layer, sends elements through the deep compartment attaching to the investing fascia of the underlying musculature. These extensions become dense at the zones of adherence, where the superficial subcutaneous plane is adherent to the underlying muscle fascia. These zones exist where there is a minimal or no deep fat layer and the superficial layer and its overlying dermis are thin. These zones are therefore more susceptible to contour deformities; they include the gluteal crease, lateral gluteal depression, middle medial thigh, inferolateral iliotibial tract, and distal posterior thigh (Fig. 3) . 11 These underlying zones of adherence accentuate localized fat deposits between them. In the trunk, men tend to accumulate weight in the flank, the area immediately superior to the iliac crest, whereas women tend to carry excess fat over the iliac crest area. This difference is due in part to the sexually specific locations of the zones of adherence. In men, a zone of adherence lies along the iliac crest and defines the inferior margin of the flank. In women, this zone lies within the gluteal depression overlying the greater trochanter, allowing a cascade of fat to occur over the iliac crest.
RADIOLOGICAL STUDIES
Several studies evaluating adipose anatomy have been performed using magnetic resonance imaging (MRI) to compare obese and lean patients. [2] [3] [4] [5] 12, 13 MRI precisely measures regional fat differences in subcutaneous and internal fat stores without ionizing radiation. 12 In athletic women, the highest amount of total fat to total volume when looking at axial cross sections occurs in the medial femoral fat pocket at the initial cleavage of the thighs. 13 This Volume 129, Number 5S • Zones of Adherence subcutaneous fat thins as it moves more distally down the thigh. It then thickens again medially and laterally at the level of the knee. This illustrates the three lower adherence zones: middle medial thigh, distal posterior thigh, and inferolateral iliotibial tract. 5 An MRI obtained of the lower extremities of a patient with lipodystrophy shows these relative increases and decreases in the subcutaneous fat deposits as the scan moves across these adherence zones (Fig. 4) .
CLINICAL APPLICATIONS: IMPORTANCE OF ADHERENCE ZONES IN CIRCUMFERENTIAL LIPOSUCTION
The majority of liposuction is focused on the surgical middle or deeper adipose layer rather than the superficial layer. 7 Routine liposuction of the superficial adipose layer should be avoided because of the increased risk of contour irregularities, skin dimpling, waviness, hyperpigmentation, and burns. The key element in avoiding postoperative deformity in circumferential liposuction is preoperative marking of the five zones of adherence. No liposuction is done in these areas in most patients; however, it may be beneficial in cases of circumferential large volume liposuction (Ͼ5 liters of total lipoaspirate removed). If one performs liposuction in these areas, one should use small (Ͻ3.0 mm) cannulae with a low vacuum. It is the superficial layer that provides the dense matrix for the overlying skin contour and is so important to preserve. It is essential to emphasize the importance of using smaller cannulae (Յ3.0 mm) superficially and larger ones (3.7 to 4.6 mm) only in the deeper layers, 14 especially when performing circumferential body contouring. All patients undergo a three-phase liposuction procedure, as previously discussed. 7, 11 We use a superwet technique (1:1) of infiltration on all patients and general endotracheal anesthesia.
If the patient has thick fat, large-volume ultrasound-assisted liposuction is begun using a 5-mm, round-tip cannula approximately 35 cm long. The fat layers are treated in a radial fashion from superficial to deep (Fig. 5) . Slower parallel strokes are used throughout the anatomic areas. The cannula is moved slightly faster in the superficial layer than in the intermediate or deep layers to avoid injury to the overlying skin. The nondominant hand is used to palpate the depth and position of the cannula. The skin should never be grasped and held around the cannula when using the ultrasonic method. This is in contrast to suction lipectomy. The cannula tip 
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should be kept at least 1 to 1.5 cm deep to the dermis. Useful guidelines for determining the clinical end point of ultrasound-assisted liposuction are the loss of tissue resistance with cannula movement and the presence of blood in the aspirate. 7, 11 The final phase (evacuation) is done using a standard 3.0-or 3.7-mm suction cannula at 60 to 70 percent of the maximum vacuum suction for evacuation and final contouring of the treatment area. This begins at the dependent deep layer and progresses to the superficial level to facilitate the removal of emulsified fat using progressively smaller cannulae (Fig. 6 ).
The dense, fibrous fat of the lateral thighs, "banana roll," posterior medial thigh, and buttocks responds well to ultrasound-assisted liposuction. The anterior medial thigh and anterior thigh respond best to combined ultrasonic and suctionassisted techniques, which will achieve true circumferential body contouring (Fig. 7) .
The zones of adherence in the buttocks and thighs should be avoided during liposuction. These zones should be marked on the patient preoperatively because they become more difficult to identify after wetting solution infiltration, and less wetting solution (1:1) is infused into these areas. Of all the Volume 129, Number 5S • Zones of Adherence zones, the most important is the gluteal fold. This zone is inviolate. Neither ultrasound-nor suctionassisted lipectomy should be performed across this crease. Liposuction parallel rather than perpendicular to the gluteal fold may prevent the crossing of this zone. 7 Intrusion into these zones may lead to asymmetries and to loss of the gluteal fold or double gluteal fold deformity. Other defects similar to the contour deformities described with liposuction of the superficial adipose layers can occur in these zones.
CASE REPORTS Case 1: Primary Lipodystrophy
A 42-year-old woman presented with central truncal lipodystrophy, minimal skin laxity, a poorly defined gluteal fold, and noticeable bulging above the iliac crests, hips, superior buttocks, and superomedial thighs. The patient underwent circumferential liposculpture with ultrasonic followed by suctionassisted lipectomy using the techniques described above. A total volume of 4500 cc of lipoaspirate (combined ultrasound and suction) was removed through two lateral gluteal incisions and two inguinal incisions. The total operating time was 2.5 hours. Photographs from the 2-year follow-up are shown in Figure 7 .
Case 2
A 32-year-old woman presented with isolated lipodystrophy of the lower abdomen, hips, and anterior thighs. The patient underwent circumferential liposculpture with ultrasound-and suction-assisted lipectomy through two lower abdominal incisions, two lateral groin incisions, two lateral superior gluteal incisions, and an upper flank incision. These are no longer used routinely because most flank contouring can be done through the lateral gluteal incision. A total of 3600 cc of lipoaspirate (combined ultrasound and suction) was evacuated. A 3-year postoperative result is shown in Figure 8 . The total operative time was 2 hours.
Examples of contour defects and their treatment are given in the next two cases.
Case 3: Secondary Lipodystrophy Problem
A 35-year-old woman who had undergone previous tradiional suction-assisted lipoplasty presented with complaints of bilateral contour irregularities of the gluteal thigh region (the right was greater than the left). These lateral gluteal depression adherence zones and gluteal folds had been violated during the initial liposuction procedure. The deformity consisted of a hollow in the lateral gluteal depression and destruction of the native gluteal fold, with creation of a double gluteal fold deformity. Partial repair of this deformity consisted of a combination of traditional small-canula (3.0 cm) liposuction at the perimeter of the depressions to improve the transition into these areas and autologous fat grafting for filling the defect. This patient received 240 cc of injected fat in the right buttock area and 180 cc in the left. Because this patient had a paucity of residual fat, she achieved only partial correction of the deformity. All the harvested fat was reinjected immediately after harvesting with a 3.0-mm canula in 30-cc increments. No fat centrifuging was done, and each area was overcorrected by 70 to 100 percent (Fig. 9 ).
Case 4: Secondary Lipodystrophy Problem
A 46-year-old woman underwent body-contouring liposuction approximately 1 year before presentation. She had a significant postoperative deformity involving her thighs circumferentially, with palpable tensor fasciae latae. There was dimpling, with grooving and depressions of her posterior and medial thighs (the right was greater than the left). To correct months postoperatively, the patient shows an improved circumferential body silhouette, with a concavity at the waist followed by a single convexity over the hips blending into the thigh area (avoidance of masculinization of the lateral thigh area).
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this contour depression of the lateral and posterior thighs, three procedures involving autologous fat grafting were required in a staged approach. During the first operation, 1600 cc of autologous fat was injected into both the posterior lateral and medial thighs. The fat was harvested and reinjected as discussed in case 3. The fat was injected through multiple ports in a cross-radial fashion to optimize contour and symmetry. Four months later during the second operation, an additional 1460 cc of fat was harvested from the superior buttocks and abdomen and injected into the residual deformities of the lateral and anterior thighs and posterior/inferior thigh. After an additional 6 months, approximately 600 cc of fat was required to correct the right medial and posterior lateral thigh areas. Similarly, 400 cc of fat was required on the left. After each fat injection, a roller was used to smooth out residual irregularities. Overall, this patient required more than 4000 cc of autologous fat for grafting (done in 3 operative sessions over a 12-month period) to partially correct these difficult contour deformities (Fig. 10) .
DISCUSSION
Recreating an improved body silhouette is accomplished using a circumferential approach Volume 129, Number 5S • Zones of Adherence to the body's subcutaneous fat stores. A threedimensional understanding of fat deposits and of their relationship to the underlying muscle units and overlying skin is essential in producing consistent aesthetic results. Failing to take into account the fact that the subcutaneous fat depth is not uniform throughout the trunk and lower extremities or failing to understand the importance of recognizing the five adherence zones will lead to inadequate removal of fat in the deeper deposits and overresection in the shallower areas. This article emphasizes the existence of these shallower areas and identifies five zones where the subcutaneous fat remains adherent to the underlying muscle fascia and, therefore, becomes more susceptible to over-resection and contour deformities in liposuction.
Postliposuction contour irregularities occur most often in the medial and lateral thighs. 15 Understanding the presence of these adherence zones and using smaller cannulae throughout these zones only when necessary is paramount in preventing irregularities. These zones were hinted at in earlier anatomic studies. 9 However, it was the areas between these zones that were emphasized in the evacuation of fat. This remains true; however, an emphasis on avoiding deep suctioning between these areas of deep fat (i.e., zones of adherence) is necessary to prevent concavities, dimpling, and other localized contour defects. The progression from larger can- The patient is shown 6 months after a 3-stage body contouring corrective procedure using autologous fat reinjection (Ͼ 4000 cc) to partially correct this difficult contour deformity.
